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IMAGING SYSTEM ADAPTED TO PARTIALLY 
PREPROCESS IMAGE DATA 

BACKGROUND OF THE INVENTION 

This invention relates to picture archiving and communications 
systems, and more particularly relates to image viewing and manipulation 
workstations for use in such systems. 

Picture archiving and communication systems (PACS) connect to 
5 medical diagnostic imaging devices and employ as components an acquisition 
gateway between the acquisition device and the PACS, storage archiving units, 
display workstations, databases, and sophisticated data processors. These components 
are integrated together by a communication network and data management system. A 
PACS has, in general, the overall goals of streamlining health-care operations, 
10 facilitating distributed remote examination and diagnosis, and improving patient care. 

PACS have only recently been introduced to the medical community. 
A reflection of their recent appearance may be seen in limitations inherent with many 
of the components used to build a PACS. As an example, the acquisition gateway that 
acquires examination image data from an imaging modality initially modifies the 

15 examination image data by applying a full set of preprocessing functions, for example, 
FUJI preprocessing functions. The preprocessing functions modify the examination 
image data for contrast enhancement and frequency enhancements, for example, and 
the acquisition gateway further converts the resultant image data into a PACS 
compliant format, for example DICOM format. The preprocessing functions initially 

20 applied by the acquisition gateway bar the reapplication of the preprocessing 
functions at the display workstation. Thus, the display workstations coupled to the 
PACS are unable to perform sophisticated image modifications possible only through 
access to the preprocessing functions. 

In other words, the display workstations used in PACS are adapted 
25 only for viewing fully preprocessed image data and performing limited image 
modification (e.g., contrast enhancement, edge detection, and cropping only on the 
image data in PACS compliant format). An initial image preprocessing decision is 
thereby imposed upon all subsequent viewers of the image, including, for example, 
doctors who will use the image to diagnose a patient. While a fully preprocessed 
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image may, in fact, be adequate for a particular examination, such preprocessing 
eliminates the possibility for custom manipulation of the raw image data as an 
additional aid in diagnosis. 

This invention addresses this problem and provides a solution. 

5 

BRIEF SUMMARY OF THE INVENTION 

A preferred embodiment of the present invention provides, in a picture 
archiving and communication system (PACS), a method for partial preprocessing of 
raw image data at an image acquisition workstation connected to the PACS system. 
The method includes the steps of receiving raw image data from an imaging modality, 

10 storing predetermined preprocessing functions applicable to the raw image data, 
applying at least one and fewer than all of the preprocessing functions to the raw 
image data to form partially preprocessed raw image data, and transmitting the 
partially preprocessed raw image data to a PACS network for storage in a 
preprocessing database. The preprocessing functions are characterized by being 

15 modality specific enhancements (e.g., contrast and frequency enhancements) at the 
beginning of the imaging and display chain. 

A preferred embodiment of the present invention also provides an 
image acquisition workstation for a picture archiving and communication system 
(PACS) and for partial preprocessing of raw image data. The image acquisition 

20 workstation includes a processing circuit, an imaging modality interface for receiving 
raw image data, and a software memory coupled to the processing circuit. The 
software memory stores instructions for receiving the raw image data from an imaging 
modality, applying at least one and fewer than all of predetermined preprocessing 
functions to the raw image data to form partially preprocessed raw image data, and 

25 transmitting the partially preprocessed raw image data to a PACS network for storage 
in a preprocessing database. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 presents a high level block diagram of a PACS system. 
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Figure 2 illustrates a PACS display workstation for processing raw 

image data. 

Figure 3 illustrates a flow diagram of a method for processing raw 
image data delivered from an imaging modality. 

5 Figure 4 shows a flow diagram of a method for default processing of 

operator preferences. 

Figure 5 depicts a flow diagram of a technique for partially 
preprocessing raw image data delivered from an imaging modality. 

Figure 6 shows a block diagram of an acquisition workstation. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

Turning now to Figure 1, that figure shows a medical data network 100 
including an imaging modality 102, an acquisition workstation 104, and a PACS 
network 106. The PACS network 106 includes a PACS image database 108, a raw 
image data and preprocessing function database 110 ("preprocessing database 110"), 
15 and display workstations 112, 114, 116. A set of operator preferences 118 is stored in 
the preprocessing database 110. 

The imaging modality 102 is generally a medical diagnostic imaging 
device. For example, the imaging modality 102 may be an X-ray imager, ultrasound 
scanner, magnetic resonance imager, or the like. The imaging modality 102 generates 
20 examination image data as a result of an examination. The imaging modality 102 is 
connected to the acquisition workstation 104 using, for example, a network 
connection or dedicated interface port. 

The acquisition workstation 104 acts as a gateway between the imaging 
modality 102 and the PACS network 106. To that end, the acquisition workstation 
25 104 accepts raw image data from the imaging modality 102. In turn, the acquisition 
workstation 104 optionally performs preprocessing on the raw image data (as 
described in more detail below) in preparation for delivering image data to the PACS 
network 106 for storage in the PACS image database 108 or preprocessing database 
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110. In operation, the acquisition workstation 104 may convert the raw image data 
into a DICOM standard format, attach a DICOM header, and the like. 

The PACS image database 108 and the preprocessing database 110 are 
illustrated in Figure 1 for convenience as separate databases. However, they may be a 
5 single database, separate databases on an single computer, or separate databases 
distributed among different computers. In general, the PACS image database 108 
stores fully preprocessed images (i.e., those images for which no additional 
preprocessing functions will be applied). On the other hand, the preprocessing 
database 110 stores partially preprocessed image data ("raw image data") (i.e., that 
1 0 image data that has not yet been completely preprocessed). 

The display workstations 112-116 are coupled to the PACS image 
database 108 and the preprocessing database 110. Thus, the display workstations 112- 
116 may retrieve images from the PACS image database 108 for immediate 
modification and display, or the display workstations 112-116 may retrieve raw image 
15 data from the preprocessing database 110. When the display workstations 112-116 
retrieve raw image data, however, the raw image data is further modified by 
preprocessing functions to form resultant image data. The resultant image data may 
then represent a fully preprocessed image, or may require additional preprocessing 
before being stored as a fully preprocessed image. 

20 The preprocessing functions are characterized in that they are modality 

specific enhancements (e.g., contrast or frequency compensation functions specific to 
a particular X-ray imaging device, for example) applied at the beginning of the 
imaging and display chain. The preprocessing functions differ from the processing 
functions applied to fully preprocessed images in that the processing functions are not 

25 modality specific and are instead applied at the end of the imaging and display chain. 

Turning now to Figure 2, that figure illustrates a PACS display 
workstation 200 suitable for use in the PACS network 106. The display workstation 
200 includes a general purpose processing circuit 202, a PACS network interface 204, 
a software memory 206, and an image display monitor 208. The PACS network 
30 interface 204 is generally implemented as a network card connecting to a TCP/IP 
based network, but may also be implemented as a parallel port interface, or the like. 
In particular, the software memory 206 is a raw image and preprocessing function 
software memory. 
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Thus, the software memory 206 includes, for execution by the 
processing circuit 202, instructions for retrieving, from a PACS database, raw image 
data delivered from an imaging modality. The instructions also allow the operator at 
the PACS workstation 200 to select a preprocessing function for the raw image data. 
5 Once the raw image data and the preprocessing function are determined, the 
instructions in the software memory 206 allow the processing circuit 202 to apply the 
preprocessing function to the raw image data to create resultant image data. 

As an example, the raw image data may be frequency preprocessed raw 
image data or contrast preprocessed raw image data. In other words, the acquisition 

10 workstation 104 may have already performed a limited preprocessing of the 
examination image data and stored the results in the preprocessing database 110. In a 
preferred embodiment, the acquisition workstation 104 applies a subset of 
predetermined preprocessing functions (e.g., frequency preprocessing functions) to the 
examination image data, allowing the remaining preprocessing functions (e.g., 

15 contrast preprocessing functions) to be applied by the PACS workstations 112-116 
that thereby generate a fully preprocessed image. In selecting the preprocessing 
function, the PACS workstation 200 allow the operator to choose one or more 
remaining preprocessing functions (e.g., frequency or contrast preprocessing 
functions) for application to the raw image data to generate resultant image data. The 

20 resultant image data may be stored in the preprocessing database 110 for future 
preprocessing, or, if all preprocessing has been accomplished, the resultant image data 
may be stored in the PACS image database 108 for future processing and display. 

In other words, once the resultant image data has been fully 
preprocessed, regular image processing algorithms may be applied. The processed 
25 resultant image data may then be displayed on the image display monitor 208. 

One specific example of preprocessing functions are the industry 
standard FUJI Computed Radiography (CR) modality preprocessing functions. The 
FUJI preprocessing functions include contrast preprocessing functions and frequency 
preprocessing functions. The contrast preprocessing functions are characterized by 
30 the following parameters: GT (contrast type), GA (rotation amount of GT curve), GC 
(rotation center for GT), and GS (density shift, the amount of shifting applied to GT). 
The frequency preprocessing functions are characterized by the following parameters: 
RN (frequency rank), RE (frequency enhancement), and RT (frequency type). Each 
preprocessing function may represent a linear or non-linear function, function 
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modification, or function parameter. The preprocessing functions may be applied to 
raw image data any time prior to the image processing and display. 

The preprocessing functions may be selected based, for example, on an 
anatomical region to which the raw image data corresponds. In other words, the 
5 preprocessing functions selected may vary depending on whether the raw image data 
represents, as examples, the head, neck, chest, abdomen, breast, lungs, pelvis, or 
shoulders. The preprocessing functions may vary for each anatomical region due to 
the differences in tissue, bone, and blood vessel density and prevalence. 

The display workstations 112-116 preferably allow their operator to 
10 save operator preferences in the PACS system 106 for future retrieval and subsequent 
application. As an example, the display workstations 112-116 may identify an 
operator by login name or by querying the operator for an identification code. As the 
operator works with the preprocessing functions, the operator may develop a 
preference for application of specific preprocessing functions. The display 
15 workstations 112-116 save the operator preferences 118 in, for example, in the 
preprocessing database 110. When the operator logs in at a later time, the display 
workstations 1 12-1 16 query the database for the operator preferences 118 (e.g., based 
on login name, or operator ID) and retrieve any preferences found. 

The display workstations 112-116 may then apply the retrieved 
20 operator preferences 1 1 8 by default to any raw image data currently retrieved by the 
display workstations 112-116. The operator preferences 118 may include additional 
information other than the preferred preprocessing functions, including screen 
resolution, image layout and position, and color information. Furthermore, the 
operator preferences 118 may additional be stored based on anatomical areas of 
25 interest. For example, the operator preferences 118 may include the default 
preprocessing functions to be applied for neck images, and the default preprocessing 
functions to be applied for chest images. 

Turning now to Figure 3, that figure illustrates a flow diagram 300 of a 
method for processing raw image data, and the software steps executed by the 
30 processing circuit 202. At step 302, the processing circuit 202 (e.g., manually under 
operator control or automatically in accordance with an automated processing script) 
retrieves raw image data from the preprocessing database 110. Subsequently, the 
processing circuit 202 selects (manually or automatically) a preprocessing function 
from the preprocessing database 110 (step 304). During step 306, the processing 
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circuit 202 applies the preprocessing function to the raw image data. As examples, 
the preprocessing function may include frequency control preprocessing (step 308) or 
contrast control preprocessing (step 310). 

After the preprocessing functions are finished, the processing circuit 
5 202 may then apply additional image processing techniques (e.g., edge detection, edge 
enhancement, noise reduction, image cropping, contrast enhancement, and the like) to 
the fully processed resultant image data (step 312). At step 314, the processed 
resultant image data is displayed. 

Before an operator at a display workstation 112-116 begins work, the 
10 display workstations 112-116 may retrieve and apply default operator preferences. 
Turning now to Figure 4, that figure shows a flow diagram 400 of the steps that a 
display workstation 112-116 executes to apply the default operator preferences. At 
step 401, the display workstation 112-116 identifies the operator using, for example, a 
login name and password. Next, at step 402, the display workstation 1 12-116 queries 
15 a database for operator preferences 118. If operator preferences 1 18 do not exist, then 
processing continues at step 408. If operator preferences 118 do exist, then the 
display workstation 112-116 retrieves the operator preferences 118 (step 404). 
Subsequently, at step 406, the display workstation 112-116 applies the operator 
preferences 118 (e.g., screen resolution, image layout, colors, and the like), and in 
20 particular applies the preprocessing function preferences as defaults to the current raw 
image data that the operator is working with. 

Continuing at step 408, the display workstation 112-116 allows the 
operator to continue to preprocess the raw image data and to process fully 
preprocessed image data. The operator may also adjust the operator preferences, such 

25 as screen size, image orientation, preprocessing function preference, and the like. In 
other words, the display workstation 112-116 allows the operator to establish new 
operator preferences (step 408). When the operator is finished using the display 
workstation 112-116, the display workstation 112-116 saves the (possibly new or 
revised) operator preferences in a database, if the operator so instructs the display 

30 workstation 1 12-1 16 (step 410). 

As noted above, the acquisition workstation 104 may apply a subset of 
predetermined preprocessing functions (e.g., frequency preprocessing functions) to the 
raw image data, allowing the remaining preprocessing functions (e.g., contrast 
preprocessing functions) to be applied by the PACS workstations 112-116 that 
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thereby generate a fully preprocessed image. Turning now to Figure 5, that figure 
illustrates a flow diagram 500 of the processing that occurs at an acquisition 
workstation 104. An initial step (step 502) is taken to store predetermined 
preprocessing functions at the acquisition workstation 104 (e.g., by storing functions, 
5 lookup tables, piecewise linear curve approximations, curve parameter values, and the 
like). 

Next, at step 504, the acquisition workstation 104 receives raw image 
data from an imaging modality. Subsequently, the acquisition workstation 104 
preferably applies at least one, but less than all preprocessing functions to the raw 

10 image data (step 506) to form partially preprocessed raw image data. The display 
workstations 112-116 may thereby complete the image preprocessing on the partially 
preprocessed raw image data using the flexible preprocessing functions. When the 
acquisition workstation 104 is finished, it transmits the partially preprocessed raw 
image data to the PACS network 106 for storage in the preprocessing database 110 

15 (step 508). 

Turning now to Figure 6, that figure illustrates one embodiment of an 
acquisition workstation 600 suitable for use with the PACS network 106. The 
acquisition workstation 600 includes a processing circuit 602, a PACS network 
interface 604, and an imaging modality interface 606. The acquisition workstation 
20 600 also includes a software memory 608, and an image display monitor 610. The 
PACS network interface 604 and imaging modality interface 606 are generally 
implemented as network cards connecting to a TCP/IP based network, but may also be 
implemented as parallel port interfaces, proprietary hardwired or wireless interfaces, 
or the like. 

25 The software memory 608, in particular, is a raw image data 

preprocessing software memory. Thus, the software memory 608 includes, for 
execution by the processing circuit 602, instructions for performing the functions 
described above in the flowchart of Figure 5. In other words, the acquisition 
workstation 600 receives raw image data over the imaging modality interface 606, 

30 partially preprocesses the raw image data to form partially preprocessed raw image 
data, and transmits the partially preprocessed raw image data through the PACS 
network interface 604 to the PACS network 106. 

The raw image data preprocessing method and PACS workstation of 
the preferred embodiment thus provide much more extensive and detailed image 
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modification possibilities to the display workstation operator. The present method 
and workstation thus remove the initial image preprocessing decisions imposed by 
prior systems upon all subsequent viewers of the image. Thus, doctors and 
technicians may perform custom manipulation of the raw image data as an additional 
aid in diagnosis. 

While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted without departing from the scope of the 
invention. In addition, many modifications may be made to adapt a particular 
situation or material to the teachings of the invention without departing from its 
scope. Therefore, it is intended that the invention not be limited to the particular 
embodiment disclosed, but that the invention will include all embodiments falling 
within the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

L For a picture archiving and communication system (PACS), a 
method for partial preprocessing of raw image data at an image acquisition 
workstation connected to the PACS system, the method comprising: 

receiving raw image data from an imaging modality; 

5 storing predetermined preprocessing functions applicable to the raw 

image data; 

applying at least one and fewer than all of the preprocessing functions 
to the raw image data to form partially preprocessed raw image data; and 

transmitting the partially preprocessed raw image data to a PACS 
10 network for storage in a preprocessing database. 

2. The method of claim 1 ? wherein the step of predetermining 
further comprises predetermining preprocessing functions including at least one 
frequency preprocessing function and at least one contrast preprocessing function. 

3. The method of claim 1, wherein the step of applying further 
15 comprises applying at least one frequency preprocessing function to the raw image 

data. 

4. The method of claim 3, wherein the step of applying further 
comprises applying a frequency preprocessing function characterized by at least one 
of a RN, RE ? and RT preprocessing parameter. 

20 5. The method of claim 2, wherein the step of applying further 

comprises applying the at least one contrast preprocessing function to the raw image 
data. 

6. The method of claim 5, wherein the step of applying further 
comprises applying a contrast preprocessing function characterized by at least one of a 

25 GT ? GA, GC, and GS preprocessing parameter. 

7. An image acquisition workstation for a picture archiving and 
communication system (PACS) and for partial preprocessing of raw image data, the 
image acquisition workstation comprising: 
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a processing circuit; 

an imaging modality interface for receiving raw image data; and 

a software memory coupled to the processing circuit, the software 
memory storing instructions for: 

receiving the raw image data from an imaging modality; 

applying at least one and fewer than all of predetermined preprocessing 
functions to the raw image data to form partially preprocessed raw image data; and 

transmitting the partially preprocessed raw image data to a PACS 
network for storage in a preprocessing database. 

8. The image acquisition workstation of claim 7, wherein the raw 
image data corresponds to an anatomical region, and wherein the at least one 
preprocessing function applied to form the partially preprocessed raw image data is 
selected based on the anatomical region. 

9. The image acquisition workstation of claim 7, wherein the 
predetermined preprocessing functions including at least one frequency preprocessing 
function and at least one contrast preprocessing function. 

10. The image acquisition workstation of claim 9, wherein the 
applying instructions further comprise instructions for applying the at least one 
frequency preprocessing function to the raw image data. 

11. The image acquisition workstation of claim 10, wherein the 
applying instructions further comprise instructions for applying a frequency 
preprocessing function characterized by at least one of a RN, RE, and RT 
preprocessing parameter. 

12. The image acquisition workstation of claim 9, wherein the 
applying instructions further comprise instructions for applying the at least one 
contrast preprocessing function to the raw image data. 

13. The image acquisition workstation of claim 12, wherein the 
applying instructions further comprise instructions for applying a contrast 
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preprocessing function characterized by at least one of a GT, GA, GC, and GS 
preprocessing parameter. 

14. A medical data network comprising: 

an imaging modality; 

5 an image acquisition workstation; 

a PACS network interfaced to the image acquisition workstation, the 
PACS network comprising a networked PACS image database, display workstation, 
and preprocessing database, and wherein the image acquisition workstation 
comprises: 

10 a processing circuit; 

an imaging modality interface coupled to the imaging modality for 
receiving raw image data; and 

a software memory coupled to the processing circuit, the software 
memory storing instructions for: 

15 receiving the raw image data from an imaging modality; 

applying at least one and fewer than all of predetermined preprocessing 
functions to the raw image data to form partially preprocessed raw image data; and 

transmitting the partially preprocessed raw image data to a PACS 
network for storage in a preprocessing database. 

20 15. The medical data network of claim 14, wherein the raw image 

data corresponds to an anatomical region, and wherein the at least one preprocessing 
function applied to form the partially preprocessed raw image data is selected based 
on the anatomical region. 

16. The medical data network of claim 14, wherein the 
25 predetermined preprocessing functions including at least one frequency preprocessing 
function and at least one contrast preprocessing function. 
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17. The medical data network of claim 16, wherein the applying 
instructions further comprise instructions for applying the at least one frequency 
preprocessing function to the raw image data. 

18. The medical data network of claim 17 wherein the applying 
instructions further comprise instructions for applying a frequency preprocessing 
function characterized by at least one of a RN, RE, and RT preprocessing parameter. 

19. The medical data network of claim 16, wherein the applying 
instructions further comprise instructions for applying the at least one contrast 
preprocessing function to the raw image data. 

20. The medical data network of claim 19, wherein the applying 
instructions further comprise instructions for applying a contrast preprocessing 
function characterized by at least one of a GT, GA, GC, and GS preprocessing 
parameter. 
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IMAGING SYSTEM ADAPTED TO PARTIALLY 
PREPROCESS IMAGE DATA 



ABSTRACT OF THE DISCLOSURE 

In a picture archiving and communication system (PACS), a method is 
provided for partial preprocessing of raw image data at an image acquisition 
workstation connected to the PACS system. The method includes the steps of 
receiving raw image data from an imaging modality, storing predetermined 
5 preprocessing functions applicable to the raw image data, applying at least one and 
fewer than all of the preprocessing functions to the raw image data to form partially 
preprocessed raw image data, and transmitting the partially preprocessed raw image 
data to a PACS network for storage in a preprocessing database. An image 
acquisition workstation for a picture archiving and communication system (PACS) 

10 and for partial preprocessing of raw image data is also provided. The image 
acquisition workstation includes a processing circuit, an imaging modality interface 
for receiving raw image data, and a software memory coupled to the processing 
circuit. The software memory stores instructions for receiving the raw image data 
from an imaging modality, applying at least one and fewer than all of predetermined 

15 preprocessing functions to the raw image data to form partially preprocessed raw 
image data, and transmitting the partially preprocessed raw image data to a PACS 
network for storage in a preprocessing database. 
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ANDREWS. HEL 1 ). & MALLOY 



(THUM2 23' 99 \ 7 • 04/ST. 11 - 5 5 'NO 486105 344- 



Express Mail No. EL 282 684 548 US 



Docket No. 15-IS-5286 



COMBINED DECLARATION AND 
POWER OF ATTORNEY FOR PATENT APPLICATION 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) cr an 
original, first and joint inventor (if plural names sire listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



I hereby state that I have reviewed and understand the contents of the above identi:ied 
specification, including the claims, as amended by any amendment referred to above 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all 
information which I know to be material to patentability as defined in Title 37, Code, of Federal 
Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35 ? United States Code, §1 19(aV(d) of any 
foreign application(s) for patent or inventor's certificate listed below. I have also identified 
below any foreign application for patent or inventor's certificate having a filing date before tiat 
of the application on which priority is claimed. 

Number Co untry Day/Month/Year Filed Is Priority Claimed? 
NOME, v..~ .wuv^i uuikx^i Hue oj, united Mates Code, §1 19(e) of any United Stales 

provisional application(s) listed below. 



IMAGING SYSTEM ADAPTED TO PARTIALLY 
PREPROCESS IMAGE DATA 



the specification of which: 



is attached hereto. 



was filed on - as United States Application Number or PCT International 
Application Number ~ and was amended on 




NONE 



Mc ANDREWS. HELD. & MALLOY 



(THU) 12. 23' 99 1 2 : 05/ST. 11 . 5 5/NO 4861 053444 F 15 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) listed below. Insofar as the subject matter of each of the claims of ttiis application 
is not disclosed in the prior United States application in the manner provided by th-s first 
paragraph of Title 35, United States Code, §1 12, 1 acknowledge the duty to disclo se information 
which is material to patentability as defined in Title 37, Code of Federal Regulations, §1.56 
which became available between the filing date of the prior application and the national or PCT 
internatio lal filing date of this application. 

Seri al No - Fil i ng Date Patented, Pen din g, qx Ab andoned? 
NONE 



I hereby appoint the following attorneys and/or agents to prosecute this application aid to 
transact all business in the Patent and Trademark Office connected therewith: 



Christian G. Cabou 
Phyllis Y. Price 
Ronald E. Myrick 
Henry J. Policinski 
Jay L. Chaskin 
George P. McAndrews 
John J. Held 
Timothy J. Malloy 
William M. Wesley 
Lawrence M. Jarvis 
Gregory J. Vogler 
Jean Dudek Kuelper 
Herbert D. HartlU 
Robert W. Fieseler 
D. David Hill 
Thomas J. Wimbiscus 
Steven J. Hampton 
Priscilla F. Gallagher 
Stephen F. Sherry 
Patrick J. Arnold Jr. 
George Wheeler 
Janet M. McNicholas 
Ronald E. Larson 
Christopher C. Winslade 
Edward A. Mas II 
Gregory C. Schodde 
Edward W. Remus 
Donald J, Pochopien 
Sharon A. Hwang 
David D. Headrick 



Reg. No, 35,467 
Reg. No. 34,234 
Reg, No. 26,315 
Reg. No. 26,621 
Reg. No. 24,030 
Reg. No. 22,760 
Reg. No. 21,061 
Reg. No. 25,600 
Reg. No. 26,521 
Reg. No. 27,341 
Reg. No. 31,313 
Reg. No. 30,171 
Reg. No. 30,063 
Reg. No. 31,826 
Reg. No. 35,543 
Reg. No. 36,059 
Reg. No. 33,707 
Reg. No, 32,223 
Reg. No, 30,590 
Reg. No. 37,769 
Reg. No. 28,766 
Reg. No. 32,918 
Reg. No. 24,478 
Reg. No. 36,308 
Reg. No. 37,179 
Reg. No. 36,668 
Reg. No. 25,703 
Reg. No. 32,167 
Reg. No. 39,717 
Reg. No. 40,642 
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Dean D. Small Reg. No. 34,730 

Alejandro Menchaca Reg. No. 34,389 

Kirk A. Vander Leest Reg. No. 34,036 

Richard T. McCaulley, Jr. Reg. No. 41 ,977 

Paul L. Rodriguez Reg. No. 40,788 

Anthony E. Dowell Reg. No. 39,66 1 

Peter J. McAndrews Reg. No. 38,547 

Michael B . Harlin Reg. No. 43 ,65 8 

Jonathan R. Sick Reg. No. 43,920 

Krista S. Schwartz Reg. No. 42,134 

Eligio C, Pimentel Reg. No. 42,076 

John F. Nethery Reg. No. 42,928 

Stephen H. Bean Reg. No. 41 ,607 

Alison L. Pollock Reg. No. 43,863 

James Nuttall Reg. No. 44,978 

James P. Murphy Reg. No. 40,74 1 

Dean A. Pelletier Reg. No. 45,007 

Joseph M. Barich Reg. No. 42,291 

Tiffany M. Brooks Reg. No. 44,564 

Scott P. McBride Reg. No. 42,853 

Patricia J. McGrath Reg. No. 44,9 1 9 

Andrew M, Everest Reg. No. 44,674 

Christopher V. Carani Reg. No. 44,049 



Address all telephone calls to John F. Nethery at telephone number: 

(312) 707-8889. 

Address all correspondence to: 

John F. Nethery 
McAndrews, Held & Malloy, Ltd. 
34th Floor 
500 W. Madison Street 
Chicago, Illinois 60661 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements w-^re made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code and thai such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

This declaration names 2 inventor(s) below. 
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Informatior about sole or first inventor: 

(given name, family name): Maqbal Patel m ^ 

Residence: «A — f +Voo \ tTE £ 0 m oa iT' ; 

JS k ^ y o /W) 

Citizenship: I l>^Va/ 
Post Office Address: Same 

First inventor's signature: <=^ (j -f trJtj 
Date Signed: J>gc 2^ ( °}1 J 



Information about second joint inventor: 

(given name, family name): David McKone 
Residence: 

Citizenship: 
Post Office Address: Same 

Second inventor's signature: _ 

Date Signed: 



Information about sole or first inventor: 



(given name, family name): Maqbol Patel 
Residence: 



Citizenship: 
Post Office Address: Same 



First inventor's signature: 
Date Signed: . 



Information about second joint inventor: 



(given name, family name): David McKone 

Residence: *-t$$0 C^^Wfam^ Api 
Ar&r , Ml HZiOS 



Date Signed: 



Citizenship: 1/5 
Post Office Address: Same 



Second inventor's signature: 
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